, hamsters (Barros and Munoz, 1974) , rabbits (Overstreet and Bedford, 1974) , rats (Niwa and Chang, 1975) , dogs (Mahi and Yanagimachi, 1976) , cows (Niwa et ah, 1991) , pigs (Wang et ah, 1994) and humans (Overstreet and Hembree, 1976; Overstreet et al., 1980) . The penetrated immature oocytes that undergo germinal vesicle breakdown (GVBD) can be activated and form a female pronucleus in rats (Niwa and Chang, 1975) , hamsters (Usui and Yanagimachi, 1976) and cows (Chian et al, 1992; Abeydeera et al, 1994) . The objectives of the present study were: (i) to confirm the existence of fertilized oocytes with one polar body by direct staining with a fluorescent dye; (ii) (v/v) pig follicular fluid, 2.5 pg FSH ml"1 (Antrin, Denka Pharmaceutical Co. Ltd, Kanagawa) and antibiotics (penicillin G potassium and streptomycin sulfate) was used as the culture medium (m-Waymouth) (Kikuchi et ah, 1995a (Kikuchi et ah, 1995a (12, 18, 24, 30 and 36 h after insemination, respectively). 3 (5 ± 3)* 7 (9 ± 3)ac 1 (2 ± 3)ab 1 (2 ± 3)ab 0(0 ± 0)b 12 (17 ± 3)c 10 (9 ± l)a 8 (7 ± 3)a 6 (6 ± l)ab 9 (7 ± 2)ab had been penetrated, of which all were activated and had formed a female pronucleus, and 95% had both first and second polar bodies (Fig. 2a) . Most of the first polar body contained scattered chromatin, while in the second polar body condensed chromatin was observed. Of the PBoocytes, 69% were penetrated and all were activated, and 90% emitted only one polar body (Fig. 2b) (Mil) became condensed into a small mass (50%) (Fig. 3c,d ) or transformed into metaphase chromosomes (16%) (Fig. 3e) .
Some of the condensed sperm heads were incorporated into the maternal metaphase plate (Fig. 3c ) and others were associated with the spindle (Fig. 3d) . (Eppig et ah, 1994; McConnell et ah, 1995; Polanski, 1995 transformed. The sperm heads first 'enlarged' and then 'condensed' (mouse, Iwamatsu and Chang, 1972 ; hamster, Barros and Munoz, 1974; rabbit, Overstreet and Bedford, 1974; rat, Niwa and Chang, 1975;  Oocytes were cultured for 24 h, fertilized in vitro and subsequently cultured for up to 36 h (see Table 6 ). (1995) proposed that cytoplasmic glutathione concentration reflects the degree of cytoplasmic maturation in pig oocytes matured in vitro because it is correlated with the ability to form a male pronucleus (Yoshida, 1993) . The 25 kDa polypeptide reported here is different from glutathione, a major intercellular free thiol. In addition, the modification of the 25 kDa polypeptide to a 22 kDa polypeptide is a dephosphorylation process (Ding et ah, 1992a) . It is unclear whether there is any association between the amount of 25 kDa polypeptide and cytoplasmic glutathione.
The mechanism of arrest at MI remains to be elucidated.
Cytostatic factor (CSF), a homologue of the c-mos proto¬ oncogene product (Sagata et ah, 1989) , promotes Mil arrest in unfertilized frog oocytes (Masui and Markert, 1971) . Furthermore, Hirao and Eppig (1997) (Arion et ah, 1988; Labbe et ah, 1988a Labbe et ah, ,b, 1989 . Naito and Toyoda (1991) 
